In this paper I present a comparative analysis of five cross-country composite gender indices.
Introduction
Over the past two decades several country-level composite measures of gender inequality and women's position have been developed. Well-known examples are the Gender Development Index (GDI) and the Gender Empowerment Measure (GEM), both developed and published annually in the United Nations Human Development Reports up to 2009. Only very recently, other indices have emerged. Today there are at least five cross-country gender indices available to researchers and policy makers. All of them are freely accessible through the internet and some of them can be downloaded in a data file while a few sources also provide the underlying indicators.
Such indices have a large potential for academic research, policy analysis and monitoring and evaluation of policies, although their value should not be overstated: any quantitative measure of a complex phenomenon such as gender inequality is severely limited as compared to rich qualitative analysis. The dramatically increased availability of gender indices, however, offers the opportunity to relatively easily compare countries and changes over time, but the increased number of indices requires researchers and policy analysts to make a choice between these in their analyses. The objective of this article is first to compare the five best known easily accessible and high-coverage cross-country gender indices and second to explain the differences between the gender indices by their methodological characteristics and theoretical focus. Hereby the comparative analysis enables an informed choice for researchers and policy analysts when they want to use a composite measure of gender inequality in their analyses.
The Five Gender Indices
The gender indices that I have selected are all recent composite indices of gender inequality. The criteria for selecting these five are wide accessibility, reputable sources, and high coverage of at least 100 countries. Moreover, they are all up to date, with GII replacing the old GDI and GEM of 
GII:
Gender Inequality Index, from the UNDP Human Development Reports (UNDP, various years).
The GII was first published in 2010 and has replaced the two earlier gender indices, the GDI and GEM. The values lie between 0 and 1 with three digits after the decimal point, and the higher the number the more unequal gender relations are, because they measure inequality and not equality.
They are available for 138 countries.
SIGI:
Social Institutions and Gender Index, SIGI, was developed in 2010 on the basis of the Gender and Institutions Database by the OECD. The values lie between 0 and 1 with seven digits after the decimal point, and the higher the number the more unequal gender relations are, because they measure gendered norms that constrain women. They are available for 101 countries -only developing countries.
GGGI:
Global Gender Gap Index, developed by the World Economic Forum and available since 2006.
The GGGI has values between 0 and 1 with four digits after the decimal point, and the higher the number the more equal gender relations are. They are available for 134 countries.
WEOI:
Womens' Economic Opportunities Index, developed by the Economic Intelligence Unit. The WEOI was first published in 2010. The values lie between 0 and 100 with two digits after the decimal point, and the higher the number the more equal gender relations are. The data is available for 184 countries. In order to make the WEOI comparable with the other four indices the data is divided by 100 to give a number between 0 and 1 with four digits after the decimal point.
Table 1 about here.
The bivariate Pearson correlations between all five indices are relatively high, between 0.50 and 0.81 with an average correlation of 0.69 as is shown in Table 1 1 . Most indices correlate positively with each other while GII and SIGI correlate positively with each other but negatively with the other three indicators because the more unequal gender relations are according to these two indices the higher the value of the index is. In order to compare the indices more substantially every gender index will be presented in more detail below. 
GII
The index includes three dimensions of human development, with equal weights, and five indicators. The GII is limited to outcome measures. The rationale of the GII is to reveal the extent to which national human development achievements are eroded by gender inequality. They concern both formal institutions -rights and laws -and informal institutions -social and cultural practices. There are equal weights of the five categories but there is a weighting within each category due to nonlinearity of indicators.
GGGI
The index measures gaps in human development variables between men and women, measured as female/male ratios. They cover resources, capabilities and functionings. The index value may be interpreted as the percentage that reveals how much of the gender gap in a country has been closed. The index covers four domains: economy, education, health, and politics and has 14 indicators. Based on the above listed indictors underlying the five gender indices, the extent of overlap has been calculated, as presented in Table 7 . Surprisingly, this is much less than the average bivariate correlation of 69% would suggest: the average overlap in underlying indicators is only 20% 2 .
The institutional index SIGI has the least overlap (an average of 6%) and only with one other index (WEOI: 25%). The index that has most indicators in common with the other indices is the 2 For the calculation of the average overlap, the 100% overlap between the same indices has been ignored.
GII (with an average overlap of 35%) whereas the highest overlap between two individual indices is 60% namely of GGGI indicators in the GII index. Before we go to the comparison of the frequency distributions of each index I would like to go deeper into the contradiction between the high Pearson Correlations on the one hand, and the much lower overlaps in underlying indicators between the indices on the other hand. Although they all measure gender inequality the difference may be attributed to the fact that they differ in the emphasis they place on which end of the process of gendering wellbeing in societies. That is, some indices emphasize inputs such as resources, whereas others emphasize outcomes, such as achievements and other wellbeing dimensions. This implies that they measure gender inequality at different stages, or have a different focus on what they measure: ranging from the input side, through constraints on choices, to outcomes. This suggests a way to categorize the indices systematically namely by comparing them according to which stages of wellbeing each emphasizes.
In order to be able to distinguish the indices substantially I will follow the general distinction developed in the Capability Approach and the Human Development literature, namely of resources, capabilities, institutions and functionings (Sen, 1985; 2004; Nussbaum, 2003; Deneulin and Shahani, 2009 ). This framework regards human development as a process in which access to resources is only one stage towards wellbeing. The other key stages are capabilities, which can be seen as skills and opportunities, and functionings, which can be regarded as wellbeing achievements. While all these stages are influenced -positively or negatively -by institutional, both formal ones and informal ones. These institutions may be enabling wellbeing, such as social cohesion in a community, or they may be constraining wellbeing, such as discriminating norms in the labour market. The Capability Approach was developed by Amartya
Sen as an alternative to the standard wellbeing approach in economics, favouring utility maximization and measuring wellbeing through income. Instead, the Capability Approach recognizes incommensurable dimensions of human development, such as education, health, and human relationships with nature, and measures outcomes through improvements of human functionings in these dimensions, to which individual income may be just one of the means, next to public goods, personal relationships, and space for individual agency.
Figure 1 about here
According to Robeyns (2005) -Capabilities: directly enabling peoples' doings and beings, such as education and health.
-Functionings: actual doings and beings that one has reason to value such as being literate and having a long life expectancy.
The result of the identification of indicators into the four stages of the Capability Approach is shown in Table 8 . 
Measurement Results
In Table 9 I show a summary of descriptive statistics for the five indices. It makes clear that even though all indices have been standardized there are great differences in their distribution, in particular in their mean, median, variance, and range. The spread varies considerably, with some having a range more than twice than that of another index. Only one index comes close to a normal distribution, namely the GGGI, with a mode close to the mean and median. The table implies that the construction of each index differs quite a lot.
Table 9 about here
Following the descriptive comparative analysis, I will now compare the five indices on their country rankings. Table 9 shows for each index the top ten and the bottom ten countries. For the top ten countries, overlap is limited. This is partly due to the fact that for SIGI, only developing countries are included. The biggest overlap is for Sweden and Finland, which appear in four out of the five indices in the top ten. Norway and New Zealand appear at the top in three indices, whereas Canada, the Netherlands, Belgium, Denmark, Germany, Switzerland and the Philippines all appear twice in the top ten.
Despite the fact that the some indices have less country data than others, there is still These studies, however, do not, or only to some extent, go into the possibility of nonlinear relationships between these human development dimensions. The results from the above comparative analysis of gender indices points out that further research into the type of relationships between gender inequalities in human development dimensions is necessary.
The comparison of the country rankings leads to two conclusions. First, it shows that the five indices obtain quite different ranking results, so that they should not be considered entirely as interchangeable. They emphasize different dimensions of human development, which is likely to explain, at least to some extent, the different ranking outcomes. Second, there appears to be more similarity in rankings at the bottom than at the top and in particular for SIGI. Apparently, low human development rankings imply low values for every human development dimension, whereas high human development can show quite varied scores for particular human development dimensions. Together, these two findings from the descriptive statistical comparison of the five indices suggest that there is a non-linear relationship between the four dimensions of human development that make up the indices. Access to resources, capabilities, institutions and functionings are clearly distinct dimensions of human development, which do not automatically move together when countries develop (see also Alkire, 2007; Alkire and Santos, 2009 ). Here, we see that this also counts for the gender differences in these four dimensions. But further analysis into the methodologies of the construction of each index is necessary in order to find out whether part of the differences found in the distribution and rankings between the indices should be attributed to differences in measurement A first measurement problem that we find among the gender indices is that one index, GGGI, includes income as the gender differences in earned income. However, earned income is in most country statistics an estimated value based on data on labor force participation and wage differences. Hence, it would be better to replace the income variable with a female labor force participation variable (see also Klasen and Schüler, 2011) 
GII:
The index allows for compensation of female disadvantage with male disadvantage. It is thereby a genuine index of gender inequality but by its neutrality to the direction of disadvantage it is not an index of women's disadvantage. This implies that countries that have female disadvantage in some indicators and male disadvantage in other indicators end up as having very low gender inequality even though women's position may be structurally worse than men's in key human development dimensions. The averaging of ratios uses the geometric mean, which is a multiplicative rather than an additive process. This prevents disbalances in case deviations from equality may be stronger for one sex than for the other. In other words, female and male disadvantage in the same sub-index lead to a symmetric average and not one in which one disadvantage counts stronger than another one. The weakness of a geometric mean is when a particular score would be 0, that is, a female-male ratio in which women are completely absent, for example in parliamentary seats in some countries, the result of the multiplication would be zero too.
SIGI:
The five categories (family code, civil liberties, son preference, physical integrity and ownership rights) have equal weights but the SIGI value consists of a nonlinear arithmetic mean of these five 
GGGI:
There are no weights between the four categories of indices (economic, education, health and politics). All indicators are normalized in order to ensure equal representation in each sub-index.
These weights are calculated through the standard deviation per 1 percentage point change of each indicator, which are translated into weights. This means that the weighting of GGGI is quite opposite the weighting in SIGI: whereas in SIGI, indicators receive weights according to their relative importance in a principal component analysis and sub-indices are squared in order to express inequality aversion, in GGGI every indicator receives equal weight by eliminating differences in the spread of each variable and hence, in the way higher or lower scores affect the value of the four sub-indices. GGGI does not allow for compensation of gender inequalities favoring women: data are transformed using a one-sided scale that measures how close women are to parity with men. Finally, as indicated above, the GGGI includes income data, for which there are however no reliable data and are therefore imputed from male and female labor force participation data. The GGGI includes both so there is some double measurement of the same dimension, namely paid employment.
WEOI:
This is the only index that does not measure gender gaps but constraints to women's economic and GGGI, which use respectively capping and a one-sided scale to prevent compensation. Then follows GII, which does allow for compensation and finally WEOI, which does not reflect gender differences but women's opportunity independent of men's opportunity. This last mentioned index however may be very suitable for analyses of changes in women's opportunities over time and comparisons of countries and regions of women's opportunities as such.
Examples of Using Gender Indices for Policy Analysis
5 ILO Convention 111 concerns discrimination in employment and occupation.
This section goes one step further than the country rankings that were shown for each index.
Here The results that are shown in Table 11 all concern data for 2010, or the most recent available year. For a more detailed analysis of relationships between gender variables and policy variables time series data, or panel data combining cross-section with time-series data would be more suitable. Also, it is to be expected that there is a time lag between a change in a gender variable and a change in a policy variable, which also necessitates the use of data for more than one year. Such analysis is not possible however, because three out of the five gender indices used in the comparative analysis have data available only for the year 2010. Therefore, the bivariate regression results are reported only as examples of possible policy relationships, as indicative for the relevance of using the gender indices in policy research. Taking these caveats into account Table 11 shows some interesting results for three quite distinct policy areas: infant mortality, HIV prevalence among women and public spending on education.
Table 11 about here
The first policy variable, the infant mortality rate, shows consistently negative relationships with gender equality and for all five gender indices the results are statistically significant. The parameter sizes are all in the same range, between 0.43 and 0.71, and quite strong. The literature finds a robust positive relationship between gender equality and a reduction in infant mortality, even going back a century in the United States, and in particular with women's education (Miller, 2008; Kirk and Pillet, 1998; Klasen, 1999; Frey and Field, 2000; World Bank, 2011) . This result found in the literature is also now demonstrated in a cross-country analysis with a wide variety of composite indices of gender equality. Whether one measures gender inequality in inputs, social norms and rights, or outcomes, they all point out that more gender equality goes together with less mortality among children under one year old per 1,000 live births. It is likely that the causality runs from gender equality to a reduction in infant mortality, because of mothers' important influence over child survival in the first year. With more resources, rights, social appreciation, capabilities and wellbeing achievements, women have more choices over their own lives and more opportunities to provide good care for their children.
The second and third policy variables analysed here show a much more varied result. For HIV prevalence among females four out of the five gender indices show the expected sign. GGGI not, and the parameter is very small as compared with the other gender indices. Moreover, three gender indices have no statistically significant results. Only SIGI has a parameter value that comes close to the statistically significant vales for GEI and GII. We expected the causality to run from gender equality to a lower HIV prevalence, because when women's status in a society becomes stronger relative to men, they are more likely to be able to refuse unsafe sex (see for a review paper on this for the USA, Alleyne and Gaston, 2010) . This helps to reduce HIV infection among women as far as this is determined by sexual behaviour. The bivariate regression results indicate that only GEI and GII function as signals for HIV prevalence among women. The reason may be that they both include a substantial share of non-economic variables, as compared to GGGI and WEOI. Also women's health is covered in GEI and GII, which is less the case in the other three gender indices. A review article on the relationship between gender power, gender inequality and HIV infection among women, suggests that various gender relations play a role, and not merely women's economic status (Wingood and DiClemente, 2000) .
Finally, the third policy variable analysed is the share of public spending on education in GDP. Here we expect the causality to run from educational spending to gender equality: the higher such social investments the more likely it is that women receive education. This of course assumes that educational budgets are not spent in a very gender unequal way favouring boys substantially more than girls. But with the internationally agreed Millennium Development Goals (MDGs), emphasizing closing the educational gender gap, such severe unbalances are not likely for most countries. In fact an increasing number of developed and developing countries have higher school enrolment rates for girls as compared to boys at all levels. The World Bank (2001) has estimated that educational spending needs to increase by 3% annually in order to contribute to closing the gender gap in education. Moreover we can expect that more public educational spending would not only improve girls' education but also women's economic position in particular in terms of their human capital. This is most likely why we see positive and statistically significant relationships with GGGI and WEOI. The first measures capabilities, in particular women's educational performance relative to men's. While the second measures women's absolute economic position in which human capital plays a crucial role. So, it seems that the relationship indicates that in the current era of the MDGs (2000 MDGs ( -2015 more public expenditure on education as a share of GDP contributes to more gender equality in women's human capital in particular and to an improvement in women's economic position more generally.
Knowing How to Measure
This section provides a set of three decision trees for selecting an appropriate gender index for a particular research question. The examples with policy measures have suggested that the differences between the gender indices also lead to very different relationships between the gender indices on the one hand and a variety of policy variables on the other hand. They also indicate that policy research and policy monitoring and evaluation using gender indices should be conscious about which index to use for which purpose. They are clearly not interchangeable, and the selection of a particular gender index should be justified carefully to make its use in scholarly research and policy analysis meaningful. As a guidance I have provided in a final section a set of three decision trees to enable an informed choice among the five best known and widely accessible cross-country composite gender indices available today. This, however, does not imply that the choice of a gender index is simply mechanical. It requires a thorough understanding of the methodological issues and theoretical meanings of how gender inequality is measured for a particular research or policy question. 
